The mitochondria of malignant cells preferentially accumulate and retain certain lipophilic, cationic compounds, such as rhodamine 123 [I] and dequalinium chloride [2]. The levels accumulated, and the retention times, are much greater than those found in the mitochondria of most normal cells. This is likely to be due to differences in morphology, membrane and matrix compositions, and to a high negative potential across the mitochondrial membrane. The use of carcinoma cell-specific, cationic dyes as photochemotherapeutic agents suggests that mitochondria may serve as targets for highly selective photochemotherapy. MB is a hydrophilic, cationic, photosensitizing dye, used traditionally as a vital stain and tumour marker. MB, itself, targets DNA [3], and is disadvantaged by its rapid reduction in vivo to the neutral leucobase by the cellular coenzymes, NADH and FADHI. We have investigated the effect of chemical substitution on the eficacy and targeting of the agent, and found that successive methylation of the dye chromophore enhances both the light and dark toxicities of MB against an EMT-6 cell line, MB<MMB<DMMB [4]. These correspond to greater singlet oxygen eficiences and increased lipophilicities (log P), again, MB<MMB<DMMB, in both cases. It may be possible that increased lipophilicity leads to increased mitochondria1 targeting, since it has been shown that vital stains bearing a unipositive charge and having 04og P<5, tend to localise in mitochondria [ 5 ] . In the present experiments, we first examined the effect of MB and its derivatives on oxygen utilisation in isolated rat mitochondria, and second, compared the reduction rates of the three dyes using NADWdiaphorase.
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Liver mitochondria were isolated from male Sprague-Dawley rats into ice-cold isolation medium (0.25 M sucrose, 10 mh4 Tris-HCI, 0.5 mM EDTA, at pH 7.4). The tissue was homogenised in fresh, ice-cold, isolation medium with added BSA (5 mg ml-l), then centrifuged at 600 g for ten minutes at 4 "C. The supernatant was centrifuged at 8000 g for ten minutes at 4 "C. The resulting pellet was washed twice in isolation medium and resuspended in 4 ml of respiratory medium (225 mM sucrose, 10 mM KCI, 1 mM EDTA, 10 mM KzHPO,, 5 mM MgC12, 10 mM Tris-HCI at pH 7.4) and left on ice for one hour. Protein was estimated by the Lowry method using BSA as standard.
Mitochondria1 respiration was measured polarographically using an oxygen electrode in a 3 ml water-jacketed chamber maintained at 30 "C. Liver mitochondria (1-2 mg protein) were added to the chamber to a final volume of 3 ml. A substrate, (either 50 mM pyruvate/50 mM L-malate or 100 mM succinate/ 500 ng ml" rotenone) was added and the respiratory rate recorded as basal respiration. An addition of 100 nmol ADP was then made and the rapid rate of oxygen utilisation that ensued was recorded, and used to elicit the coupled respiratory rate. Finally, 10 pl additions of dye (1 mg mll) were made and the respiratory rate measured, up to a final concentration of approximately 50 pM.
In the presence of L-malate/pyruvate, additions of MB caused an increase in oxygen utilisation up to a maximum level of 2.5 x basal rate at approximately 10 pM MB, after which, levels were seen to plateau, then decline. With added MMB, oxygen utilisation mirrored that with added MB, up to 10 HM MMB, However, oxygen utilisation continued to increase to a maximum level of over 3 x basal rate, at a concentration of 30 pM MMB, before declining. In contrast, with added DMMB, oxygen utilisation never rose significantly above the basal rate, and, in fact, declined at concentrations over 20 pM DMMB.
Similarly, in the presence of succinate/rotenone, oxygen utilisation was greatest with added MMB (a maximum level of approximately 2.5 x basal rate), approximately twice basal rate with added MB, andonly slightly above basal with DMMB.
Reduction rates for the three dyes were determined by monitoring the diaphorase-catalysed conversion of NADH to NAD' at 340 nm, using a spectrophotometer attached to a chart recorder. Into a quartz cuvette were added, 1 ml dye (20 pM in HBSS) and 100 pl NADH (2.5 mg m1-I in HBSS), and the spectrophotometer set to zero. The reaction was initiated by adding 50 p1 diaphorase (1 mg m1-I in HBSS) to the cuvette.
It was shown that methylation of MB increased the resistance of the molecule to reduction by cellular coenzymes, and followed the expected pattern, MB<MMB<DMMB. MB is an artificial electron acceptor which draws off electrons from the respiratory chain at a point of interception after Complex I (E'o = +O.Ol). Cycling of electrons between the reduced dye and oxygen at this point would explain the increased oxygen utilisation in mitochondria with added MB. The redox potential of DMMB prevents the reduction of the agent by NADH, hence no effect on basal oxygen rate is seen. Presumably, in the case of MMB, reduction is feasible, but rapid reoxidation of the agent by oxygen would explain the increase in the rate of oxygen utilisation compared with MB. Furthermore, increased lipophilicity could also be aiding the interaction of MMB with the respiratory chain, thereby increasing the rate of reduction of the agent, with concomitant increase in the rate of oxygen utilisation, compared with MB.
The succinate/rotenone system shows exactly the same pattern of oxygen utilisation as with L-malate/pyruvate. Since rotenone blocks electron transport beyond the points of MB and MMB interaction, but before Complex 11, oxygen utilisation must be viu interaction of the dyes with oxygen, and not due to use of oxygen by the respiratory chain.
